Provision of anaesthetic services in an environment driven by cost rationalization and evidence-based funding will require appropriate measures of anaesthetic outcomes. Donabedian defined outcomes (of healthcare) as "those changes, either favourable or adverse, in the actual or potential health status of persons, groups or communities that can be attributed to prior or concurrent care" 1 . Meaningful evaluation of anaesthetic services involves comparison of outcomes adjusted by patient risk factors, surgical casemix and anaesthesia. One method that has been used in these evaluations is risk adjustment.
Risk adjustment is a way to remove or reduce the effects of confounding factors in studies where the cases are not randomly assigned to different treatments 2 . The purpose of this review is to identify what anaesthetic outcomes and risk factors have been measured and to highlight methods of risk adjustments used in previous studies.
Definition of Anaesthetic Outcomes and Risk Factors
The definition of anaesthetic outcomes used in most studies is described as "the occurrence of an unanticipated complication or death during or following anaesthesia that may be attributable to an anaesthetic". Specific definitions of outcomes vary among studies, and this constitutes a limiting factor when comparisons between studies are made. The spectrum of outcomes ranges from mortality to minor events such as postoperative headache. Other recently described measures of anaesthetic outcomes include unanticipated intensive care admissions, unplanned hospital admissions of day-only surgical patients and patient satisfaction.
Having defined a particular set of outcomes measure, the contributions of surgery, anaesthesia and the patients' characteristics to these outcomes are assessed. This assessment is made using either predetermined criteria for clinical judgement (qualitative) or by multivariate statistical modelling (quantitative). The complex relationship between these various factors and outcomes can be summarized into a model, shown in Figure 1 . This model is adapted from Iezzoni's algebra of effectiveness model 3 . The main concept in the algebra of effectiveness model is that patient outcomes are a complex function of not only the patient's clinical attributes and other factors, but also the effectiveness and quality of services provided 3 .
In measuring anaesthetic outcomes, clinical factors are frequently used. Anaesthesia is well defined by the types of anaesthetic agents and techniques used and the level of expertise of the anaesthetists. In describing the patient's preoperative state, the American Society of Anesthesiologists (ASA) physical status classification is one of the most widely used indexes. Although the ASA classification is easy to use, two studies have concluded that there is insufficient consistency among anaesthetists in ASA rating to place complete reliance upon it if used as the sole indicator of the patient's condition 4, 5 .
Some authors stratify surgery according to the magnitude of surgical stress imposed upon the patient, ranging from minor to extensive interventions 6 . Alternatively, the type of surgery can be classified according to the International Classification of Diseases code (ninth revision) by anatomic site of surgery 7, 8 . Other authors have used the duration of surgery as an indirect marker for defining surgery [9] [10] [11] . However, there is a limitation in using duration of surgery because individual surgical techniques between surgeons can vary widely.
Despite the limitations in measuring factors associated with outcomes, an association between a risk factor and an outcome does not necessarily imply a direct cause-effect relationship. It is still important for anaesthetists to reliably identify patient's risk factors so that appropriate treatment options can be offered. A better assessment of risk factors should also contribute to the improvement in safety of anaesthesia 10 . A critique of the most common anaesthetic outcomes is the focus of the remaining part of this paper.
Mortality
Mortality is an easily definable endpoint but a rare event. Beecher and Todd (1954) conducted one of the first extensive studies into deaths associated with anaesthesia 12 . Most recent studies define mortality associated with anaesthesia as deaths under, as a result of, or within 24 hours of an anaesthetic 10, [13] [14] [15] . Other studies have included deaths up to 30 days after a procedure 16 . These differences in the definition of perioperative deaths, period of the survey, response rates of reporting anaesthetists and variations in anaesthetic practice among countries will affect the reported incidence of mortality. The incidence of anaesthesia-related mortality from various studies is shown in Table 1 .
Over the last forty years there has been an apparent improvement in anaesthetic mortality 17 . Harrison describes a sixfold decrease in the incidence of anaesthetic mortality, from 4.3 per 10,000 cases (1956-71) to 0.7 per 10,000 cases (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) 15 . This may be attributed to improved monitoring of patients and anaesthetic machine circuits, continuing education of anaesthetists, newer anaesthetic techniques and drugs and increased numbers of postoperative facilities. Cohen and workers noted a predominant change in anaesthetic techniques and agents from two survey periods, 1975-78 and 1979-83 18 . These changes included the increasing use of enflurane over halothane, use of balanced techniques and increasing use of regional anaesthesia 18 . More recently, there have been changes in the type of surgery done, as reflected by an increase in endoscopic and laparoscopic surgical procedures. These changes in surgery may also affect anaesthetic practice and perioperative risk.
Several mortality studies continue to highlight factors contributing to anaesthetic-related mortality.
Inadequate preparation is a prominent contributing factor to adverse outcomes 13, 16, [19] [20] [21] . Although the majority of deaths may be inevitable as suggested by Tikkanen, improvement of the patient's general medical condition preoperatively would probably be the most effective way to reduce mortality associated with anaesthesia and surgery 22 . Factors associated with poor outcomes that may be preventable might include faulty anaesthetic technique 13, 21, 23, 24 , inadequate monitoring 16, 20 , postoperative respiratory and circulatory failure 10, 23 and inadequate postoperative care 13, 20 .
Despite differences in design, problems with estimating the number of procedures performed and interpretation of these mortality studies, there are two consistent findings. First, the incidence of anaesthetic mortality is less than 1 per 10,000 procedures since 1980. In more recent studies 13, 22 anaesthesia mortality contributes to less than 10% of the overall operative mortality. Second, the factors that have contributed to anaesthetic mortality have remained relatively the same, although their importance may differ between studies 25 .
In most of these studies, the degree of preventability and the contributory role of anaesthesia associated with mortality was assessed by a panel of anaesthetists and other specialty clinicians.
Using this peer review method, Caplan found a high level of consensus among anaesthetists in examining appropriateness of care, the role of human error and monitoring in cases of major anaesthetic mishap 26 . In rating the contribution of anaesthetic technique, surgical technique, patients' underlying disease and physical status, and patients' other risk factors to outcomes, the Edwards scale has been used in several studies 9, 13, 19, 21, 27, 28 . The Edwards scale is an eight-category scale and has high inter-rater reliability properties 29 . Moreover, it is a simple subjective measure that attempts to classify broadly the contribution of patient, surgery and anaesthesia factors to perioperative mortality.
The ASA physical status classification correlates well with overall surgical mortality, although the original aim of the ASA physical status was not to be used as an estimate of "operative risk" 30 . In Vacanti's study of 68,388 patients, there was a clear trend in increasing mortality within the first 48 hours after a procedure with increasing ASA grades 31 . In their study, the incidence of mortality was 0.08% for ASA 1 patients, and increased to 9.4% in ASA 5 patients 31 .
Three studies have examined risk factors of operative mortality using multivariate statistical modelling [32] [33] [34] . Independent predictors of operative mortality include advanced age, male gender, higher ASA physical status, major surgery, emergency procedure, intraoperative complications, opioid techniques and the number of anaesthetic drugs administered 32 . In another study, independent predictors of mortality in patients over the age of 40 included ASA physical status, age, complexity of surgical procedure and urgency of the operation 34 . However, the association between ASA and anaesthetic mortality is weaker than the association with overall mortality 16, 30 .
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Cardiac Arrest
Instead of measuring anaesthetic mortality, many studies have used cardiac arrest as an anaesthetic outcome. The incidence of intraoperative cardiac arrest varies from 0.04 per 10,000 14 to 10.9 per 10,000 35 . The incidence of cardiac arrest occurring in the recovery room varies from 0.08 per 10,000 14 to 7.1 per 10,000 18 . Cardiac arrests are identifiable and the immediate causative factors are usually able to be determined 36 . Anaesthetic cardiac arrest rate has decreased significantly over time from 2.1 per 10,000 (1969-1978) to 1.0 per 10,000 (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) 37 . Much of this decrease in the incidence is due to a greater decrease in preventable arrests due to respiratory causes 37 . This may be attributed to improved respiratory monitoring 37 , improved anaesthetic techniques and the greater number of trained anaesthetists 38 .
Emergency surgery and increasing ASA physical status 36, 38, 39 are significant risk factors in perioperative cardiac arrest. In one study of 27 cardiac arrests, children were three times more likely to have a cardiac arrest compared with adults 36 . Although these risk factors have been identified, none of these studies stratified their results to adjust for confounders. However, more than 50% of patients classified as ASA 1, 2 or 3 survived following a cardiac arrest 36, 39 . Two consistent findings of causative factors for cardiac arrest include inadequate ventilation and an overdose of inhalation agent 36, 38 . While the occurrence of cardiac arrest is relatively rare, Olsson concludes that inadequate preoperative assessment, failure in the application of existing knowledge and neglecting to consult more experienced colleagues in elective cases are the most important avoidable causes of intraoperative cardiac arrest 38.
Other Anaesthetic-Related Morbidity
Since anaesthetic-related mortality and cardiac arrests are relatively rare, there is increasing emphasis in measuring anaesthetic-related morbidity in determining the quality of anaesthetic services. Anaesthetic morbidity includes any unanticipated events occurring in the perioperative period. Often the severity of anaesthetic-related morbidity is assessed and may be classified into various levels: for example, minor, intermediate and major. The level of morbidity depends on whether there was prolonged stay in the theatre suite and/or hospital by the patient with or without permanent sequelae [40] [41] [42] . Another study defined severe outcomes as those requiring therapeutic intervention of a significant degree with or without recovery 43 .
A review of the studies included in Table 2 shows that there is no consensus on the types of major and minor outcomes collected in each study. The clinical indicators recommended by the Australian and New Zealand College of Anaesthetists 44 may provide the framework for standardizing the data collection of major outcomes. Cohen's studies 9,18 examined major and minor intraoperative and postoperative anaesthetic morbidity up to 72 hours after a procedure. While Cohen's studies 9, 18 examined cardiopulmonary, neurological, renal and gastrointestinal events, Rose's study 7 examined only critical respiratory events occurring in the recovery room. These differences in the follow-up period and the range of anaesthetic-related events examined in various studies may partly account for the large differences in the incidence of intraoperative and recovery room events ( Table 2 ). In one study, the incidence of intermediate and major anaesthetic morbidity was 0.59%, of which 37% of these cases were judged to be preventable 41 .
There are also variations in the threshold of physiological parameters used in defining an unanticipated event. In one study 11 , the incidence of hypotension (defined as mean pressure less than 60 mmHg) was 2.7%. In comparison, the incidence of hypotension requiring treatment in the recovery room (defined as systolic blood pressure less than 100 mmHg) was 7.4% in Zelcer's study 45 . Another example is the differences in the definition of hypoventilation used in several studies. In one study, hypoventilation was defined as clinical diagnosis based on slow or shallow ventilation 46 , while another study defined it as respiratory rate less than or equal to 8 breaths per minute or P a CO 2 greater or equal to 50 mmHg requiring active intervention 7 . The differences in definitions of specific cardiopulmonary events limit direct comparisons between studies.
Differences in the length of postoperative followup periods and the method of data collection will also affect the reported incidence of adverse anaesthetic morbidity. Nausea and vomiting remain amongst the 688 A. LEE, M. E. LUM Anaesthesia and Intensive Care, Vol. 24, No. 6, December 1996 most common postanaesthetic problems, despite anaesthetic and pharmacological advances 11 . The incidence of nausea and vomiting observed by recovery room nurses ranges from 5% 45 to 27% 47 . However the reported rate of nausea and vomiting within 72 hours after a procedure varied between 39% and 73% across four teaching hospitals when a structured patient interview methodology was used 8 . Using a structured telephone interview of patients after outpatient surgery, 36% of patients had reported nausea and vomiting in the 24 to 48 hours after hospital discharge 48 . Moreover, they were more likely to have problems with their daily activities than those patients who did not experience nausea and vomiting 48 . These studies suggest that most patients experience nausea and vomiting within the first three days after a procedure.
Predictors of Morbidity
The ASA physical status classification may be a reliable independent predictor of intraoperative and major postoperative events as shown by several studies 34, 40, 49, 50 . Several studies have used logistic modelling to control for various confounders in predicting risk factors of severe cardiopulmonary events 7, 35, 50 . Independent predictors of severe cardiovascular events include age, history of ischaemic heart disease, myocardial infarction or cardiac failure and major abdominal surgery 35, 50 . Significant independent predictors of severe respiratory events include male gender 7,50 , obesity 7,50 , a history of chronic obstructive airways disease 35, 50 , major abdominal surgery 35, 50 and general anaesthesia involving muscle relaxants 7, 35 .
Studies to predict minor postoperative events have been limited to assessing risk factors of nausea and vomiting. Consistent independent factors associated with increased risk of nausea and vomiting include female gender and opioid use 8, 47 . Other predictors such as ASA physical status do not sufficiently predict anaesthetic morbidity in the immediate postoperative period 49 . Clearly, there is a need for more studies to examine risk factors of various "minor" morbidity if anaesthetists aim to provide optimal recovery care. This direction is especially important in outpatient surgery, as minor morbidity, which can be distressing to patients, will frequently occur outside the immediate recovery period.
Unanticipated Intensive Care Unit Admissions (UICUA)
Anaesthetic-related, unexpected admission to an intensive care unit, either from recovery room or direct from operating suites, is another indicator of anaesthetic care that has been used in many studies. The incidence ranges from 0.04% 51 to 0.52% 52 . These incidence rates are not directly comparable because of the variations in hospital practice patterns 53 . For example, there are differences in patient and surgical casemix, use of invasive procedures, emergency caseloads and skill of medical and nursing personnel 53 . As most of the UICUA patients are not critically ill and only required observation and monitoring 53, 54 , more efficient allocation of intensive care resources would be possible with the use of high dependency units 54 .
Common reasons for UICUA are shown in Table 3 . In one study, there was a decrease in the incidence of UICUA between two five-year periods 51, 55 . Leigh suggested that this decline be partly due to improved assessment of patients and management strategies in emergency surgery 51 . Although the overall UICUA incidence is low, the proportion of "preventable" UICUA ranges from 21% 54 to 30% 51 .
Respiratory problems are closely associated with the occurrence of unanticipated intensive care admission. Patients experiencing critical respiratory events in the recovery room were 42 times more likely to be unexpectedly admitted to intensive care units compared to those who do not experience respiratory events 7 . Increasing ASA physical status classifications and age were two independent predictors of UICUA 53 . However, in Cullen's study, patterns of care requiring remediation could not be identified and the use of UICUA as a "generic screen" for quality assurance was questioned 53 . Given that there are numerous different logistic and quality anaesthetic management issues at different hospitals, unplanned admissions to intensive care units and high dependency units may be more reflective as a perioperative clinical factor, rather than an anaesthetic outcome as such.
Unanticipated Hospital Admissions of Day Only Surgery Patients
In spite of the widespread development of ambulatory care (day only surgery) services, there has been limited evaluation of their outcome. A common measure of the failure of day only surgical services is unanticipated admissions to a hospital. The incidence of unanticipated admission to a hospital varies between 0.3% 56 to 6.3% 57 , depending on the type of surgery, length of follow-up and type of day surgery facility. The incidence of surgical related reasons (0.2% 56 to 1.7% 59 ) for admission is higher than reasons related to anaesthesia (0.1% 56 to 0.5% 59 ).
Two case control studies have identified risk factors of unanticipated hospital admissions 60, 61 . In these, the most common risk factors include undergoing abdominal surgery, having general anaesthesia and "long" surgical procedures 60, 61 . Patients with emesis were three times more likely to be admitted to hospital following day surgery 61 . However, a limitation in these two studies was that the level of patients' social support was not included in the analysis. In one study, inadequate home support was a reason for unanticipated hospital admission in 0.13% of all day only surgical patients 58 . Thus careful selection of patients is important for successful day surgery programs.
Most patients selected for day surgery are usually graded as ASA 1 or 2. Gold 61 suggests that ASA physical status score cannot be used to anticipate admission. This may be related more to the type of anaesthesia and surgical procedure rather than to patients' clinical characteristics 61 in this type of patient population. Although most unplanned admissions are due to surgical factors, anaesthetists can play a major role in limiting unanticipated admissions to a hospital due to pain and emesis.
Multivariate Statistical Models in Risk Adjustment
Multivariate statistical models, such as logistic regression models, are used to examine a risk factor for an adverse outcome independent of other covariates associated with the outcome. This quantitative method of risk adjustment has been used in many anaesthetic studies 7, 8, 32, 34, 35, 47, 50, 53, 60, 61 . Although this risk adjustment method is more objective compared with clinical judgement, the results from such logistic modelling studies still need to be interpreted with care. As with all statistical models, the results require validation to ensure protection against unrecognized problems and limitations 62 . In this review, only studies by Rose 7 , Cohen 8 , Tiret 34 and Forrest 50 have reported the validity and reliability of their logistic models.
One common method for validating models includes applying the final model to a new set of patients involved in the study to assess the overall "goodness of fit". Goodness of fit evaluates how effectively the calculated model fits the actual data for estimating the outcome variable 62 . Also, the mathematical fit of the final model needs to be assessed and many investigators, such as Cohen 8 and Tiret 34 , use the Hosmer-Lemeshow goodness-of-fit statistic 63 . There is no consensus among statisticians which goodness-of-fit index is the most appropriate 62 . However, the reliability of the results from logistic models in many studies is not reported. We suggest that future anaesthetic studies should address this issue so that readers can determine the validity and reliability of the reported results.
Patient Satisfaction
Published studies have focused on clinical factors, but patient satisfaction measurements have gained prominence in recent studies. Patient satisfaction can serve as an outcome measure of the quality of health care and provide a consumer perspective that can contribute to a complete, balanced evaluation of the structure, process and outcome of services 64 . Patient satisfaction is a personal evaluation of health care services and providers 65 . Factors that contribute to patient satisfaction include environmental/structural features, accessibility and convenience to services, interpersonal relationship with and clinical competence of health professionals and patients' own preference and expectations 66 . The most crucial factors influencing patient satisfaction are the technical competence of health care providers and the amount of clear and detailed information provided to patients 66 .
There are relatively few studies in anaesthesia examining patient satisfaction. Many of these studies have been conducted in day surgery patients 58, 59, [67] [68] [69] . In general, there is a high level of acceptability of day surgery 58, 59, 68, 69 , although there were variations in the 690 A. LEE, M. E. LUM Anaesthesia and Intensive Care, Vol. 24, No. 6, December 1996 way the data was collected. Only 1% of patients in free-standing day surgery units, compared with 11% of hospital-integrated day surgery patients, preferred inpatient management 59 . Differences in study design, such as using structured interviews or self-completed questionnaire, timing of interviews and questionnaire, response rate and unwillingness of patients to criticize any aspect of care can limit the use of patient satisfaction as a good measure of outcome 66 . Some studies suggest that clinical outcome is positively associated with patient satisfaction 64 . However, in anaesthesia, many patients accept a number of adverse effects as part of general anaesthesia 70 , further complicating the assessment and interpretation of patient satisfaction. Although most patients (85%) expect an uneventful anaesthesia 71 , more than 25% were not satisfied with the quality of their previous anaesthetic care 70 . Unexpectedly, there was no significant relationship between patients' assessment of the quality of anaesthesia and anaesthetic morbidity 70 . The reasons for dissatisfaction were not elicited in Moerman's study 70 .
Information given to patients about anaesthesia and what to expect at preoperative visits plays an important role in determining patient satisfaction. The lack of information on what is expected in the postoperative period was considered a problem in 8% of patients attending day surgery units 68 . The roles of preoperative assessment are to detect anaesthetic problems and to establish rapport with the patient 72 . Almost all patients see advantages in and appreciate seeing their anaesthetist before surgery [73] [74] [75] . With the establishment of more preanaesthetic clinics 73, 74, 76 , measuring patient satisfaction will become an important outcome of such anaesthetic services.
Issues for the Future
Meaningful evaluations of anaesthetic services requires both clinical and nonclinical outcomes (assessed by both the patient and anaesthetist) to be measured. Common anaesthetic outcomes and risk factors that have been measured to date are outlined in Table 4 . While we have presented a review on anaesthetic outcomes, process indicators of anaesthetic care are also valuable measurements. Process of care embodies both the technical competence of the health care provider and the interpersonal or humanistic aspects of the patient:health care provider relationship 77 . Both process and outcome indicators are needed for monitoring and assessments of acceptable standards of anaesthetic practice. These indicators of anaesthetic care need to be valid and reliable if comparisons between institutions and individual anaesthetists are to be made.
In this review we have shown that the predictive property of the ASA physical status varies greatly according to the specific outcome examined. Health status instruments, such as the SF-36 78 , may be a potential screening tool in anaesthesia. The SF-36 is a patient's assessment of eight health dimensions, covering broad areas of functional status, subjective well-being and overall evaluation of health 78 . Incorporation of the SF-36 health status measurement during preoperative assessment may provide additional information to be used by anaesthetists in their clinical decision-making. Thus, the level of the patient's health status may become an important risk factor and a determinant of patient outcome. However, early work in examining health status measures in clinical practice at an individual level appears to be attended by problems 79 . The potential utility of health status measures needs to be explored in anaesthesia, given the current trend in delivering cost-effective, customer-focused and evidence-based practice.
One other potential advantage in using health status instruments includes improved patient satisfaction with anaesthetic care. If a decline of functional status is perceived as a problem by the patient, it may promote discussion about the anaesthetic management between the patient and the anaesthetist, and therefore lead to greater patient satisfaction. One study showed that there was substantial disagreement between the patient and clinician in the perception of the patient's level of functional status 80 . Such relationships between the SF-36 health status measurement, ASA physical status and anaesthetic outcome require further investigations. However, changes in the health status measured before and after surgery may be more appropriately defined as a surgical outcome rather that an anaesthetic outcome per se. 691 
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SUMMARY
We have identified some of the most frequently measured anaesthetic outcomes and their independent risk factors, and discussed the limitations and advantages in using various risk adjustment strategies. Many studies suggest that preoperative assessments may contribute to preventing the occurrence of anaesthetic-related morbidity and mortality, and to high levels of patient satisfaction. The use of health status measurements as a preoperative screening tool in assessing anaesthetic risk offers a potential area for future work. Research into measuring anaesthetic outcomes in a reliable and valid manner will be an important tool in improving standards of anaesthetic practice and in delivering quality anaesthesia to our patients.
